DL-Homocysteic acid application disrupts calcium homeostasis and induces degeneration of spinal motor neurons in vivo.
Excitotoxicity, autoimmunity and free radicals have been postulated to play a role in the pathomechanism of amyotrophic lateral sclerosis (ALS), the most frequent motor neuron disease. Altered calcium homeostasis has already been demonstrated in Cu/Zn superoxide dismutase transgenic animals, suggesting a role for free radicals in the pathogenesis of ALS, and in passive transfer experiments, modeling autoimmunity. These findings also suggested that yet-confined pathogenic insults, associated with ALS, could trigger the disruption of calcium homeostasis of motor neurons. To test the possibility that excitotoxic processes may also be able to increase calcium in motor neurons, we applied the glutamate analogue DL-homocysteic acid to the spinal cord of rats in vivo and analyzed the calcium distribution of the motor neurons over a 24-h survival period by electron microscopy. Initially, an elevated cytoplasmic calcium level, with no morphological sign of degeneration, was noticed. Later, increasing calcium accumulation was seen in different cellular compartments with characteristic features of alteration at different survival times. This calcium accumulation in organelles was paralleled by their progressive degeneration, which culminated in cell death by the end of the observation time. These findings confirm that increased calcium also plays a role in excitotoxic lesion of motor neurons, in line with previous studies documenting the involvement of calcium ions in motor neuronal injury in other models of the disease as well as elevated calcium in biopsy samples from ALS patients. We suggest that intracellular calcium might be responsible for the interplay between the different pathogenic processes resulting in a uniform clinicopathological picture of the disease.